Hydropedology, as an emerging interdisciplinary science, bridges soil science and hydrology (Lin, 2003) . It addresses interactive pedologic and hydrologic processes and properties across spatiotemporal scales in the Earth's Critical Zone. Hydropedology aims to bridge disciplines, scales, and data; connect soils with the landscape; link fast and slow processes; and integrate mapping with monitoring and modeling to provide a more holistic understanding of the interactions between the pedosphere and the hydrosphere (Ma et al., 2017) . Hydropedology has achieved much progress during the past 15 yr. An analysis in the Web of Science shows that 200 papers have been published on the topic of hydropedology since 2003, when hydropedology was promoted as a new interdisciplinary science (Lin, 2003) , with a total number of citations of 2649 (as of 1 Mar. 2018; Fig. 1) .
A word cloud analysis indicates that current hydropedology research deals mainly with hot issues of hydraulic dynamics and flow processes across various time scales, temporal and spatial variability in soil water and hydrology, complex natural soil architecture and soil hydrologic functions, and monitoring and modeling soil-landscape relationships (Fig.  2) . Hydropedology has been applied broadly in diverse research areas such as agriculture, water resources, environmental sciences, ecology, geoscience, wetlands, and biodiversity conservation. Soil, water, and organisms are essential parts of hydropedologic studies (Fig.  2) ; however, grand challenges remain with regard to coupling, integrating, and scaling due to complex and heterogeneous subsurface architecture, variable rates of processes, and changing controlling mechanisms with shifts in space and time scales.
This special section includes 10 papers presented at the conference, which cover four themes. 
Soil Architecture and Subsurface Water Flow
The first theme focuses on the geophysical exploration of soil architecture and subsurface water flow. Heterogeneous soil structure leads to complex interactions among different hydrologic processes, soil moisture dynamics, and subsurface water flow and solute transport. The occurrence of subsurface lateral flow is, however, temporally and spatially highly uncertain. Filipović et al. (2018) quantified the potential for subsurface lateral flow by investigating complex interactions between erosion-affected pedologic and spatially variable hydraulic properties and conditions in a hummocky agricultural soil landscape in northeastern Germany. Preferential flow is critical in the transport of water and dissolved constituents in the unsaturated zone; however, observation methods for the detection and quantification of preferential flow remain inadequate. Nyquist et al. (2018) integrated ground-penetrating radar with dye tracer infiltration to enhance the accuracy of applying geophysical methods to reveal the complexity of preferential flow at the hillslope scale in a forested catchment in Pennsylvania. Yue et al. (2018) used stable isotopes of water and nitrate to identify nitrate sources and assessed seasonal variations in hydrological processes affecting nitrate levels in surface and underground systems in a karst catchment in southwestern China.
Groundwater-Surface Water Interactions
The second theme focuses on groundwater-surface water interactions. Quantification of groundwater-surface water interactions is difficult due to heterogeneities in landscapes as well as challenges in measuring hydrological processes at different scales. Although soils play an integral role in the hydrological functioning of landscapes, very few groundwater-surface water interaction studies have considered soils as key components in understanding hydrologic variations. Van Tol and Lorentz (2018) studied 21 catchments in South Africa with available stream attributes and hydrological variability. They proposed three conceptual models of groundwater-surface water interactions based on the soil hydropedological distribution pattern: (i) those where vertical drainage and recharge of groundwater in the upper slopes are dominant, with return flow to soil layers in lower lying positions, and both soil and groundwater contributing to streamflow; (ii) those where vertical drainage through soils and recharge of groundwater is dominant in upper and lower lying landscape positions, there is no return flow to soils, and only groundwater contributes to streamflow; and (iii) those where lateral flow at the soil-bedrock interface is dominant throughout the catchment, limited recharge occurs, and the stream is fed through lateral flow from soils, with limited contributions from groundwater. These conceptual models are nicely complemented by the findings from decades of experimental work by Gu et al. (2018) , in which a hydropedological factor was clearly recognized as playing the key role of "creator" in runoff composition and runoff generation as well as "originator" of hydrological heterogeneity and "producer" of hydrological puzzles.
Databases and Modeling
The third theme focuses on soil-hydro-physical databases and hydrological modeling. Soil hydraulic and albedo data are fundamental in soil modeling studies. However, the bottleneck is to parameterize and link the required hydraulic processes and properties, including their heterogeneous spatial structure and underlying controls, in related modeling (Vogel et al., 2013) . Ottoni et al. (2018) established a dedicated Hydrophysical Database for Brazilian Soils suitable for pedotransfer function development; Zheng et al. (2018) developed a physically based soil albedo parameterization for the Tibetan Plateau in China. Existing methods for direct field measurement of soil hydraulic properties remain complex, time consuming, and costly, and yet significant spatial and temporal variability challenges the possibility of extensive measurements (Ma et al., 2017) . Libohova et al. (2018) assessed the ability of Amoozemeters, wells, piezometers, and flumes to accurately represent saturated soil hydraulic conductivity (K sat ) at the small catchment scale and extrapolated K sat to a larger watershed based on available soils data and soillandscape models for simulating streamflow using the Distributed Hydrological Soil Vegetation Model.
Critical Zone Research
The fourth theme focuses on hydrological complexity and long-term Critical Zone research. A bottleneck for advancing hydropedology and Critical Zone science is understanding how to combine classical pedologic theories of soil formation and water flow theories to associate pedogenic controls of hydrological functions across spatiotemporal scales. Gu et al. (2018) defined the hydrological maze as puzzles, paradoxes, or complexity involved in hydrologic measurements and interpretations, and revealed the hydrological maze through a comprehensive review of decades of work since the 1980s on observations and experiments using a combination of natural and artificial catchments at the Chuzhou Hydrology Laboratory in China. This work highlighted the role of hydropedology in hillslope and catchment hydrology based on long-term monitoring of surface and subsurface flows at various soil depths and different spatial scales. They found that the vadose zone is the key source for nonlinear and dissipative complexity in the hydrological maze that is intertwined with hydrochemical and hydroecological dynamics. Vero et al. (2018) presented a conceptual framework of landscape and hydrology on tallgrass prairie in Kansas with a Critical Zone science approach, demonstrating that climate, ecology, the vadose zone, groundwater, and bedrock were key factors for the hydrologic behavior of the Konza Prairie (a native tallgrass prairie). In addition, the biota has been recognized as an important factor in the genesis and hydrological processes of soils; however, knowledge gaps still exist regarding how to relate the complex heterogeneity and dynamics of plant spatial patterns and soil architecture to soil hydrological processes within the Critical Zone at various scales . Shao et al. (2018) reviewed soil drought and water carrying capacity for vegetation in the Critical Zone of the Chinese Loess Plateau, offering insights into the development of dried soil layers in that unique region of the world, which can be used to guide the optimization of soil water management through vegetation mediation and the design of a long-term sustainable framework for water-limited ecosystems.
Summary
Hydropedology pursues a holistic understanding of the interactions between the pedosphere and the hydrosphere, with an emphasis on in situ soils in diverse real-world landscapes, where distinct pedogenic features (e.g., structure, macropores, and horizonation), environmental variables (e.g., climate, landforms, and organisms), and anthropogenic impacts (e.g., land use and management) interact and dictate fluxes and pathways of energy and mass flow in the landscape. The papers published in this special section can help to further advance hydropedology and to stimulate additional research and applications. We believe that studies based on interdisciplinary hydropedological approach can lead to novel methods and new insights on the integrated understanding of complex soil-water-landscape-ecosystem relationships and effective strategies to manage precious soil and water resources and sustain the environment for a growing population and under a changing climate.
